Ultrasonic Flaw Detection in Turbine Rotor Component Web Geometries by Gray, T. A. & Thompson, R. Bruce
ULTRASONIC FLAW DETECTION IN TURBINE ROTOR COMPONENT WEB 
GEOMETRIES 
ABSTRACT 
T. A. Gray and R. B. Thompson 
Ames Laboratory, USDOE 
Iowa State University 
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Nondestructive detection of flaws in jet engine components 
is an essential part of assessing the integrity of the parts, 
and optimal design of experimental configurations is essential 
for high reliability detection. Due to the high cost of experimental 
evaluation, it would be highly desirable to accomplish this through 
the use of computer simulation of the detection/measurement process. 
This paper presents a first generation simulation model for the 
problem of ultrasonic detection of flaws in turbine rotor compo-
nents. Included is the derivation of the model, the results of 
limited experimental validation of the software, and an example 
of its use to model the detection of penny shaped cracks in the 
plate-like geometry of a turbine rotor component web region. 
INTRODUCTION 
Nondestructive ultrasonic detection of flaws in jet engine 
turbine rotor components is an essential feature in both the accep-
tance of manufactured parts and in extension of the life of parts 
after a period of service. Therefore, detection systems must 
be implemented to test components both in production and at periodic 
check-up intervals. Two questions arise with any such system 
--what are the limits of its performance and how can these limits 
be improved? There are two approaches to answering these questions. 
First a system can be evaluated via exhaustive experimental tests. 
This approach, however, can be costly and time consuming and re-
quires experienced operators. In addition, it may not be feasible 
to consider all possible variations in system configuration. The 
second approach is testing by means of computer simulation. 
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This is fast and cheap, requiring only computer time. Due to the 
analytical nature of such a scheme, it is also possible to vary any 
system parameter with relative ease. Thus, the latter appro'ach 
with proper experimental validation, of course, is highly advan-
tageous for detection system evaluation and improvement. 
The purpose of this paper is to present a computer model of 
detection of penny-shaped cracks in the plate-like web region of a 
turbine rotor component, such as might develop after a period of 
service. Detection of similar flaws in the bore region will be 
addressed elsewhere in these proceedings [1]. The model explicitly 
includes the effects of diffraction of the ultrasonic beam; refrac-
tion, transmission and mode-conversion at a liquid-solid interface 
for an immersion test system; scattering from crack-like flaws 
and both coherent and incoherent noise processes. Results of pre-
liminary experiments to assess the validity of the model will be 
presented. Finally, use of the model to help answer the questions 
of performance limits and improvements, posed earlier, will be 
addressed. This will be done in an ad hoc manner since such system 
evaluation is more properly posed in the framework of a probability-
of-detection scheme, as is discussed elsewhere in these proceedings 
[2] . 
DETECTION MODEL 
For this task the measured signal M from a flaw is expressed 
as 
M 0) 
where F is the scattered signal from the defect and Nc and NE are 
coherent noise scattered from the host medium inhomogeneity and 
incoherent electronic noise, respectively. Spurious signals, e.g., 
from nearby surfaces, are not included in this formulation. This 
section presents the derivation and preliminary experimental eval-
uation of a measurement model for determining the measured signal 
F from a crack and models for the noise processes indicated in 
Eq. 1. 
Measurement Model 
The process of measurement of a flaw signal is illustrated in 
Fig. 1 for the case of pitch-catch interrogation of a crack in an 
immersed plate. The illuminating transducer launches a train of 
pulses into the fluid which propagates to the fluid-solid inter-
refracts, and (possibly) mode-converts into the solid and prop-
agates to the flaw. If the crack is small with respect to trans-
verse variations in the ultrasonic beam, the illuminating waves can 
be assumed to be "quasi-planar" and the scattered displacement field 
can be expressed in terms of the scattering amplitude which is 
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Fig. 1. Schematic representation of the illumination/detection 
process for pitch-catch interrogation in immersion. 
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defined in Fig. 2. These scattered fields propagate as spherically 
spreading waves to the solid-fluid interface, refract and (possibly) 
mode convert into the fluid and finally reach the receiving trans-
mitter, as shown in Fig. 1. 
If it is assumed that the scattering amplitude and interface 
coefficients do not vary significantly over the range of angles 
subtended by the ultrasonic beam and that the received signal is the 
average over the transducer face of the pressure which would have 
existed if the receiving transducer were not present, then the illu-
mination and detection processes are reciprocal, in a sense, as dis-
cussed in detail elsewhere [3J. Therefore, both the field at the 
crack due to the illuminating beam and the received signal can be 
expressed in terms of a normalized axial field amplitude, C, which 
takes the following form for a circular transducer and thp geometry 
of Fig. 3(a): 
2n 
c f d~ n /s 2n [1-cos(1+6 s/scos2~)+ i . ( n /s ) 1 (2) SIn 1+6 s/scos2~ 
o 
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Fig. 3. (a) Geometry for pulse-echo detection of a flaw, and 
(b) Geometry for reference experiment. 
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where 
zoAo qAl cos 2So 
+1) (3) S 
aT2 
+-- ( 
2aT 2 COS 2Sl 
and 
qAl cos 2So 
- 1). (4) 6.s 
2aT 2 
( 
COS 2Sl 
In Eqs. (3) and (4) zO' zl are the distances, measured along the 
beam axis, from the transducer to interface and interface to flaw, 
respectively; Ao' Al are the wavelengths in the fluid and solid; 
and the incident angle in the fluid So and the refracted angle in 
the solid Sl are related by Snell's Law, 
(5) 
The measured ~esponse F can then be expressed by 
F 2A (6) 
where Vo is a calibration factor subsuming receiver electronics, 
transducer characterjstics, etc.; Po,vo are the density and acoustic 
velocity in the fluid; Tal, TIO are the velocity Fresnel coefficients 
for fluid-solid and solid-fluid transmission; CT, CR are normalized 
axial field amplitudes for transmitting "T" and receiving "R"; PpF 
is the propagation phase change, 
P _ -i[ko(zoT+zoR) + klTzlT+klRzlRl pF - e (7) 
where ko is the wavenumber in the fluid, and kIT' klR are wave-
numbers in the solid; PLF is the propagation loss (attenuation), 
(8) 
where a o ' alT, aIR are attenuation parameters in the respective 
media for the appropriate wave mode; A is the scattering amplitude; 
and aT is the transducer radius (assumed to be the same for both 
transducers in Fig. 1). 
94 T. A. GRAY AND R. B. THOMPSON 
The calibration term Vo in Eq. (6) must be determined by a 
reference experiment, such as via the configuration in Fig. 3(b) 
where the reference signal is the backscattered reflection from the 
sample backsurface at normal incidence. The received signal R in 
this case can be expressed as [3] 
R (9) 
The terms in Eq. (9) are defined in a manner analogous to Eq. (6) 
except for A, the sample back surface reflection coefficient, 
and D which is a normalized averaged pressure over the receiving 
transducer which represents overall diffraction loss due to a piston 
source. Values for D are tabulated by Benson and Kiyohara [4] 
based on an approximation developed by them [5] and an exact formu-
lation is presented by Rhyne [6J. However, a simplification of 
Rhyne's result was derived [3] with details to appear in a subse-
quent publication. This form approximates D as 
D (0) 
where s = 2(Z OAO + zlAl)/aT 2 and J o ' Jl are ordinary Bessel func-
tions. This result is numerically equivalent to the table of Benson 
ann Kiyohara [6] to six decimal places. 
Thus, the measurement model, Eq. (6) with the incorporation of 
Eq. (9) becomes 
F 
2A PpFPLF 
iklRaT2 PpRPLR 
(ll ) 
This equation completely characterizes the relationship between 
measured (F) and theoretical (A) scattering by measurable or calcul-
able quantities. There are no adjustable parameters (e.g., scaling). 
This equation is the core of the detection model. 
Evaluation of the Measurement Model 
As is well known [7] the axial pressure field of a circular 
piston source has a sequence of peaks and nulls owing to diffraction. 
It has been seen experimentally [8] that commercial transducers do 
exhibit this behavior and this axial pattern persists through 
liquid-solid interfaces at normal incidence. At non-normal inci-
dence to a planar interface (see Fig. 3(a», the beam cross-section 
in the solid is elliptical and this reduced symmetry precludes the 
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existence of axial field nulls. This behavior is shown in Fig. 4 
where the magnitude of the axial field amplitude calculated by 
numerical integration of Eq. (2) has been plotted as a function 
of frequency for several incident angles 80 • At progressively 
larger 80 , the nulls are replaced by local minima and the frequen-
cies of their occurrence increases. 
To test the validity of Eq. (2), L+L backscattered ultrasonic 
signals from a 200 x 400 ~m (semi-axes) oblate spheroidal void 
in a 2.54 cm thick Ti6A14V diffusion bonded disk (#51-3-4-64) were 
obtained at various incident angles to the sample surface using 
1.27 cm nominal diameter transducers in immersion. At each angle, 
the frequency of the near field minimum (that which occurs at lowest 
frequency) was determined from the frequency spectrum. Comparisons 
between these data and results obtained from Eq. (2) are shown in 
Fig. 5 for two different transducers with good agreement. (The 
transducer radius aT was adjusted in Eqs. (2-4) so that the numerical 
results matched the experimental data at normal incidence). Similar 
tests for mode-converted T-waves in the solid are in progress. 
Further testing of the measurement model was performed by using 
Eq. (11) to correct experimental data from the aforementioned sample 
(#51-3-4-64) in order to deduce the scattering amplitude. Comparisons 
were then made with T-matrix numerical results [9] for the corres-
ponding void. An in-depth discussion is reported elsewhere [10] 
but representative results are shown in Fig. 6. Figure 6(a) shows 
the backscattered power for L+L scattering normal to the sample 
surface, and Fig. 6(b) shows backscattered power for T+T scattering 
in the solid, with a 200 incident angle in the fluid (44.80 in solid). 
Agreement is quite good although the experimental data have a sys-
tematic overshoot at high frequency. However, no correction of the 
data for attenuation was made for these results and it is expected 
that the agreement would improve if such corrections were incorpo-
rated. 
Crack Scattering Model 
For the detection modelling to follow, Eq. (11) is used with a 
scattering amplitude appropriate for cracks. Since all exact for-
mulations for crack scattering require large amounts of computer 
time, an approximate model was used. Initial considerations were 
based upon comparisons between a version of the geometrical theory 
of diffraction (GTD) of Achenbach and coworkers [11] and the Kirchhoff 
approximation [12]. Software for these comparisons was obtained 
from A. Norris [13]. Based on these investigations, the Kirchhoff 
approximation was chosen for its computational speed and lack of 
singularities at caustics and shadow boundaries. 
Therefore, the Kirchhoff approximation alone was chosen for 
this detection task. It will be recalled that, in this approximation, 
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Fig. 4. Effects on normalized axial field amplitude due to oblique 
incidence upon a water-INIOO interface for a 1.27 cm 
diameter transducer 20 cm from the interface. (---- 90 =0, 
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Fig. 5. Comparison between theoretically predicted and experiment-
ally determined near field minima as a function of incident 
angle for L+L backscatter for a water-titanium interface. 
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Fig. 6. Comparison between experimentally determined scattering 
amplitude A and T-matrix results [9]. 
a) L+L backscatter, 9T = 0 
b) T+T backscatter, 9T = 200 
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(---- T-matrix, - - - - experiment). Note b semi-major 
axis of oblate spheroidal defect. 
the crack-opening-displacement (COD) is approximated by the sum of 
the incident and specularly reflected waves on the illuminated crack 
face. This COD is used with a standard representation integral 
[12] to yield the scattering amplitude of the form 
where k = 2n/A is the scattered wavenumber, Ak and p are functions 
of the crack state, material properties and wave orientations, and 
Jl is an ordinary Bessel function. 
Use of the Kirchhoff approximation was evaluated by comparing 
the scattering amplitudes predicted by this model to exact numerical 
(MOOT) results of J. Opsal [16] for backscattering from rough cir-
cular cracks. Comparisons were made to rough crack data since 
roughness attenuates Rayleigh wave effects which are absent from 
the Kirchhoff formalism. Results of these comparisons are shown 
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in Fig. 7 for (a) L+L and (b) T+T backscatter at a 300 angle relative 
to the crack normal. Agreement is fairly good except that MOOT 
predicts a resonant-type peak at kaF % 1, where aF is the crack 
radius, which is not present in the Kirchhoff results. In fact, 
according to MOOT this peak persists even at edge-on incidence 
where the Kirchhoff approximation predicts zero scatterjng. How-
ever, this is not thought to be a serious problem since this low 
frequency information is largely out of the bandwidth of the simula-
tion studies to follow, and, from a practical standpoint, systems 
for detection of cracks in a known population will not be designed 
according to edge-on incidence. Future work will be directed toward 
extending the Kirchhoff model in such a way as to reproduce this low 
frequency behavior. 
Noise Model 
Based on measurements in INlOO [17], coherent noise is dominated 
by scattering from discrete pores, and the effects of grain scatter-
ing and ultrasonic attenuation are minimal. Calculations for this 
noise source will thus be modeled for the situation in Fig. 8(a) 
which illustrates a pulse-echo (backscattering) configuration. 
Although coherent noise arises due to both L+L and T+T backscatter-
ing, as shown in Fig. 8(a), it is assumed that the noise scattering 
is the same mode as that for flaw interrogation. This is reasonable 
since for L+L scattering below the critical angle, transmission is 
dominated by L-waves, while T+T measurements are typically above 
the critical angle so no L-waves propagate. It is assumed that the 
pores are small and sparsely packed, so that they may be approximated 
as independent Rayleigh scatterers (spherical voids), but densely 
spaced with respect to variations in beam profile. It is further 
assumed that the pores are uniformly distributed in space and nor-
mally distributed in size and that size and location are statisti-
cally independent. 
Under these assumptions and by arguments similar to those in 
the development of the measurement model, Eq. (11), the variance 
of the coherent noise at a given circular frequency w can be 
expressed as 
(13) 
In this equation, A2 is the Rayleigh scattering coefficient for 
a given pore (the horizontal bar means expected value computed over 
the pore population), n is the number of pores per unit volume, 
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Fig. 7. Comparison between scattering amplitude for a rough circular 
crack [16] and that based on Kirchhoff approximation at a 
300 incident angle. 
a) L+L backscatter 
b) L+T backscatter. 
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T is the 
over the 
spread. 
done in 
time duration of the gated RF signal, and the final integral 
beam cross-section represents diffraction losses due to beam 
The factor Vo is obtained by a reference experiment as was 
the measurement model, Eq. (11). 
No means is currently available for efficiently computing this 
integral in Eq. (13). Therefore, for this calculation, the illumi-
nating beam is approximated by a Gaussian profile as described by 
Kogelnik [18] for the optical case. For such a beam, the transverse 
profile changes only by a scaling factor as the wave propagates so 
that 
a 
1 (wxwy )"2 
-[(x/wx )2+(y/wy )2] 
e (14) 
where a is the beam width at Zo=Zl=O, x and yare transverse coor-
dinates, and Wx and Wy are the transverse beam widths which are 
functions of Zo and zl' Therefore, 
fJ (15) 
To evaluate the beam widths, the result for a Gaussian beam [18] 
w/a (16) 
has been generalized for non-normal incidence at a fluid-solid 
interface to 
(1n 
and 
(18) 
where 
e (19) 
is the beam ellipticity in the short wavelength limit. 
The result in Eq. 15 does not treat the true beam profile nor 
does it consider beam diffraction in the fluid prior to transmission 
into the solid. In spite of these approximations, however, this 
result is expected to predict the correct dependence upon 90 ,91 and 
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zl' For example, from Eqs. (11) and (14)'1 IFI a: l/(wxwy ) while 
coherent noise is proportional to l/(wxwy)~, as seen by Eqs. (13) 
and (15). Thus, a decrease in beam width (e.g., by focussing) 
produces an increase in signal-to-coherent noise as expected. 
For the simulation results to follow, the RMS coherent noise 
Nc corresponding to a noise spectrum is required. Using Parseval's 
identity, this is computed as 
2 2 erc • (20) 
The discrete summation over the signal bandwidth and the factor "2" 
in Eq. (20) arise due to digital fast Fourier transform (FFT) imple-
mentation of the model. The time duration T is due to time gating 
of the signal and cancels its occurrence in Eq. (13). 
The electronic noise model is based upon thermal noise charac-
teristics of the receiver resistance R for the circuit in Fig. 8(b). 
The variance of this noise process is given by [19] 
4kTRBn (21) 
where k is Boltzmann's constant, T is temperature in oK, R is resis-
tance in ohms, B is the receiver bandwidth and n is a noise figure 
characteristic of a particular receiver. The RMS electronic noise 
is then NE = O'E' 
SIMULATION RESULTS 
The measurement model, Eq. (11), with the Kirchhoff scattering 
amplitude, Eq. (12) and the models for coherent and incoherent 
noise, Eq. (13) and (21) form the simulation model for detection 
of cracks in webs as suggested by Eq. (1). Simulated signal-to-
noise ratios, SINc and SiNE' for coherent and electronic noise 
sources, respectively, are defined as the ratio of the peak of the 
rectified time-domain flaw signal (inverse FFT of Eq. (11» to the 
appropriate RMS noise. The signal-to-total noise ratio, SINT' is 
defined in terms of NT = Nc+NE' This model will be used to predict 
system response aimed toward answering in an ad hoc manner the 
questions of detection system evaluation and optimization posed 
earlier. System parameters to be considered are illustrated in 
Fig. 9. 
Circular flat cracks were assumed to reside at the center of a 
0.635 cm thick plate of INIOO. Physical properties of INIOO were 
obtained from L. Ahlberg [20] and the porosity distribution for the 
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Fig. 9. Geometry of detection system and pertinent parameters 
for evaluation. 
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noise model, Eq. (13), was based on microscopic analysis detailed 
elsewhere in these proceedings [17]. In particular, porosity data 
chosen were: n = 5000 pores/cm3 ; pore sizes are in the range of 
0-30 ~m radius with mean IS ~m and standard deviation 7.5 ~m. Cracks 
were assumed to range in size 200-2000 ~m in radius with a preferred 
orientation perpendicular (±200 ) to the plate surface. 
The system to be considered is assumed to consist of a single 
1.27 em diameter radius transducer 20 em from the sample and detec-
tion is via mode-converted T+T backscattering in the plate. Actual 
ultrasonic signals obtained as the reflection from a planar surface 
in immersion were obtained from each of three transducers with 
nominal center frequencies of 5, 10 and IS MHz, respectively. These 
were used as the reference signal R for calibration of the measure-
ment model, Eq. (11), and similarly to deduce Vo in Eq. (13). An 
example of the simulated spectra for a crack and coherent noise is 
shown in Fig. 10. The modulation in the flaw spectrum (solid line) 
is due to scattering from the crack flash points. 
Representative signal-to-noise results are presented in Fig. 
11 which shows S/NT, S/Nc and S/NE as a function of incident angle 
aT (see Fig. 9). The sharp dip in S/NT and S/NE occurs at the 
critical angle (aT=130 ) for L-wave transmission. This dip is absent 
from the S/Nc plot since the same transmission coefficients appear 
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transducer angle eT for standard configuration detection 
system and crack radius aF = 0.1 cm. 
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in the measurement and coherent noise models, Eqs. (11) and (13), 
so their effects cancel. Note that SINT can be improved by signal-
averaging (increasing SINE) or by using smaller or focussed trans-
ducers (increasing S/Nc ) but at the expense of increased scanning 
time for a part, which is another important facet of system optimi-
zation but not considered here. 
Use of the detection model to optimize the aforementioned detec-
tion configuration is illustrated in Figs. 12-14. First, Fig. 12 
shows the effects of varying the incident angle ST for the three 
available transducers and for cracks of radius aF = 200 ~m (Fig. 
l2(a» and aF = 2000 ~m (Fig. l2(b». Figure 13 shows comparisons 
of the reference time domain signals and frequency spectra obtained 
using the 10 MHz transducer with either a low damping setting (Fig. 
l3(a» or high dampling setting (Fig. l3(b» on the pulser-receiver 
(Panametrics 5052PR). The effect of varying the distance betrveen 
the transducer and the plate for these two reference signals at an 
angle ST = i8.40 (450 in the solid) is shown as Fig. 14. The overall 
magnitudes of the curves in Fig. 14 are not comparable due to the 
different magnitudes of the signals shown in Fig. 13, but the shapes 
of the curves are different due to diffraction effects which become 
more significant in narrow band signals. 
Based upon Figs. (12) and (14), several conclusions may be 
reached. First, Fig. 12 shows that the lowest frequency transducer 
(5 MHz) has the best overall SINT' which is consistent with the 
approximation of Rayleigh scattering in the coherent noise model, 
Eq. (13). Second, Fig. 12 also indicates that the highest SINT 
occurs near ST = 250 (~700 in solid) for which the illuminating 
beam is approaching normal incidence on the crack face. Third, 
disregarding the overall difference in magnitudes, Fig. 14 indicates 
that wide rather than narrow bandwidth signals are preferable in 
order to avoid the on-axis diffraction induced modulation seen in 
the dotted line in Fig. 14. Finally, the solid line (wide-bandwidth 
signal) in Fig. 14 suggests that the transducer should be close 
(zn ~ 4 cm) to the plate. 
It should be noted that the preceding evaluation is more 
appropriately performed using a POD scheme as in [2] in which all 
parameters are simultaneously varied. For example, the last con-
clusion of the preceding paragraph implies mea~urement in the near 
field which is not an attractive experimental configuration. 
The remaining results, shown in Figs. (15)-(17) illustrate 
both the use of the detection model to evaluate the performance 
of a standard configuration system (ST = 18.40 (450 in solid» with 
zn = 20 cm and the improved detection resulting from some of the 
aforementioned suggestions. Figure 15 shows the effect of non-ideal 
orientation of the crack by varying the crack inclination angle SF' 
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Fig. 13. Time and frequency domain response of a 1 .27 cm diameter 
10 MHz t r ansducer for a) low damping setting and b) high 
damping setting. 
108 
Fig. 14. 
Fig. 15. 
S/N T 
(dB) 
T. A. GRAY AND R. B. THOMPSON 
30r-----r---~~---,----~----~----~ 
20 
10 
.... . 
..... 
.' 
... ...... . -.. 
LOW DAMPING 
......... HIGH DAMPING 
". 
°O~--~----~-----L----~----~--~ 
15 20 25 30 
Zn (em) 
Comparison of signal-to-total noise as a function of 
distance zn between transducer and sample for low 
and high damping settings. 
50r-------,--------,-------,-------, 
40 
30 
SINT 
(dB) 20 
10 
--8T : 18.4° (45°) 
.......... 8T = 24.8° (70°) 
O~------~-------L------~------~ 
-20 -10 o 10 20 
8F (degrees) 
Comparison of signal-to-total noise as a function of crack 
inclination angle 6F for standard (6r=18.40 ) and improved 
(6r=24.80 ) configuration detection system. 
UT FLAW DETECTION IN ROTOR COMPONENT WEB GEOMETRIES 
20~------~I--------Ir-------TI-------' 
...... .. ... ... ........ 
..... .. . 
..... .. 
.. ... 
SINT 10 _ _ 
(dB) I------------~ 
-
5 
-- 8T = 18.4° (45°) 
........ 8T = 24.8° (700) 
I I 
10 15 
4>F (degrees) 
20 
109 
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Note that illumination/scattering is in a plane perpendicular to 
the crack and SF=O corresponds to the preferred crack orientation 
mentioned earlier. For the standard configuration (solid line), 
S/NT smoothly decreases as SF increases since the crack is presenting 
less of its face to the illuminating beam. However, if SF is chosen 
to be 24.80 (700 in solid) as suggested by Fig. 12, the increased 
S/NT is depicted as the dotted line. In this latter case, SF=-200 
corresponds to normal incidence upon the crack. 
Next, Fig. 16 shows S/NT vs. the angle 6F (see Fig. 9) for the 
two configurations of the preceding paragraph. Note that 6F=0 for 
illumination in a plane perpendicular to the crack. Neither the 
standard nor the improved configuration exhibit much sensitivity 
to 6F but the improved S/NT due to the optimized illumination angle 
SF=24.8° (700 in solid) is evident. 
Finally, Fig. 17 compares S/NT as a function of crack radius 
for the standard configuration to the same configuration with 
zn=4 cm (see Fig. 14). For the standard configuration (solid line), 
measurements are in the far field and the general trend is that S/NT 
increases as aF increases with slight "rippling" due to interference 
of the flash point signals. For the "improved" configuration (dotted 
line), there is an initial rise followed by a decrease in S/NT' 
This is caused by the combined effects of diffraction (zn=4 cm 
corresponds to near-field measurements) and modulation of the flaw 
spectrum as seen in Fig. 10. This illustrates a problem associated 
with near field measurements in that a simple threshold detection 
criterion might identify a small crack as being significant ,,,hile 
missing a larger crack entirely. 
SUMMARY 
This paper has presented a model for simulation of the detection 
process for ultrasonic scattering from cracks in a turbine rotor com-
ponent web. Once the model has been evaluated experimentally and 
its limits of applicability ascertained, it should prove useful in 
the design and improvement of crack detection systems applied to 
plate geometries. In addition, since different types of flaws can 
be incorporated and since the measurement model can readily be 
modified to include effects of surface curvature and focussed trans-
ducers, this scheme can be applied to flaw detection problems in 
other areas of interest to the NDE community. 
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DISCUSSION 
B.T.Khuri-Yakub (Stanford University): I have a hard time under-
standing your statement that with more transducer bandwidth, you 
have less noise in the system. 
T.A. Gray (Ames Laboratory): It is not that there is less noise in 
the system. For example, in the case of a very limited bandwidth, 
a given sized flaw could be located at a fractional, for example, 
in which case, with a narrow band transducer, all the frequency 
content will disappear. With a broadband signal, you would still 
have frequencies which were not at the near field null, so you 
would be able to get sime signal from the crack. 
B.T. Khuri-Yakub: But the statement, then, is not that the signal-
to-noise is worse, but the fact that the detectability is better. 
T.A. Gray: Yes. 
